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METHOD OF FABRICATING METAL OXIDE
SEMICONDUCTOR

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a semiconductor fabri-
cating method. More particularly, the present invention
relates to a fabricating method of metal oxide semiconduc-
tor.

2. Description of the Related Art

As 1mntegrated circuits become more complicated and their
function becomes more powerful, required density of tran-
sistors 1 an 1ntegrated circuit increases correspondingly.
The high density of these complex itegrated circuits cannot
be easily achieved by simply decreasing a layout according,
to device proportions of the integrated circuits. The device
size must be decreased by a design rule and with consider-
ation for possible change in the physical characteristics of
the device. For example, channel length of a metal oxide
semiconductor (MOS) transistor cannot be educed infinitely.
Reduction size may cause a short channel effect. Once the
short channel effect happens, a punch through problem 1is
likely to occur. The punch through problem occurs due to
current leakage when the MOS transistor 1s switched off.
The conventional solution to the punchthrough problem i1s to
increase punchthrough voltage, in a procedure such as a
punchthrough stopper implantation or a halo implantation.

FIG. 1 and FIG. 2 respectively explain the related posi-
fions of an anfti-punchthrough region and a metal oxade
semiconductor formed by a conventional method.

In FIG. 1, an N-type MOS field effect transistor
(NMOSFET) is taken as an example. In a typical punch-
through stopper 1mplantation, p-type impurities are
implanted in the substrate 100 before forming a gate 106 and
a source/drain region 120. A heavily doped anti-
punchthrough region 114 1s formed in the substrate 100
below the surface-channel region 112 between the source/
drain region 120.

In FIG. 2, a t1ilt-angle halo implantation step 1s performed
after a gate 206 and a source/drain extension 210a are
formed. P-type impurities are locally implanted in the sub-
strate 200. An anti-punchthrough region 214, which is
connected to the source/drain extension 210a, 1s formed 1n
the substrate 300. In contrast with the anti-punchthrough
region 114 formed by punchthrough stopper implantation,
the anti-punchthrough region 214 formed by halo
implantation, which region connects to the extension region
2104, has higher anti-punchthrough ability. Hence, the anti-
punchthrough region 214 is more suitable than the anti-
punchthrough region 114 for a MOS occupying a small
planar area.

But difficulty 1s still encountered when trying to resolve
the punchthrough problem. In the conventional MOS tran-
sistor as shown in FIG. 2, phosphorus (P) ions and arsenic
(As) 1ons are often implanted in the substrate 200 to form the
anti-punchthrough region 214. Light 10ns, such as P 1ons and
As 10ons, with high diffusion coefficients, easily diffuse to the
source/drain region 220 1n the following thermal step. When
the 1ons of anti-punchthrough region 214 diffuse to the
source/drain region 220, the 1on concentration of the anti-
punchthrough region 214 1s decreased, so the punchthrough
problem 1s not effectively resolved. In order to increase the
anti-punchthrough ability of the device, the punchthrough
voltage must be increased. The conventional method for
increasing the anti-punchthrough voltage of the device 1s to
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2

increase the concentration of the anti-punchthrough region
214. However, as the concentration of anti-punchthrough
region 214 increases, the intensity of a body effect increases.
In this manner, the voltage applied to the device must be
increased 1n order to operate the device. In addition, as the
concentration of the anti-punchthrough region 214
increases, the junction capacitance increases, which reduces
the performance of the device.

SUMMARY OF THE INVENTION

One aspect of the invention 1s to provide an improved
fabricating method for a metal oxide semiconductor, which
1s suitable for a highly integrated device.

Another aspect of the invention 1s to provide a fabricating
method for a metal oxide semiconductor, which decreases
the possibility of punchthrough problems arising from short
channel effects.

To achieve these and other advantages and 1n accordance
with the purpose of the invention, as embodied and broadly
described herein, the invention provides a method of fabri-
cating a metal oxide semiconductor. The mvention includes
formation of a gate on a substrate. A source/drain extension
1s formed beside the gate in the substrate. An 1on implan-
tation step 1s performed to implant heavy 1mpurities with a
low diffusion coeflicient 1n the substrate. A heavily doped
halo region 1s formed 1n the substrate below the source/drain
extension. A tilt-angled halo implantation step 1s performed
to form a halo-implanted region in the substrate to the side
of the source/drain extension below the gate. A spacer 1s
formed on a sidewall of the gate. A source/drain region 1s
formed 1n the substrate beside the spacer.

It 1s to be understood that both the foregoing general
description and the following detailed description are
exemplary, and are intended to provide further explanation
of the mvention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are included to provide a
further understanding of the invention, and are incorporated
in and constitute a part of this specification. The drawings
illustrate embodiments of the invention and, together with
the description, serve to explain the principles of the inven-
tion. In the drawings,

FIG. 1 1s a schematic, cross-sectional view showing
related positions of a conventional metal oxide semiconduc-
tor and an anti-punchthrough region.

FIG. 2 1s a schematic, cross-sectional view showing
related positions of a conventional metal oxide semiconduc-
tor and another anti-punchthrough region.

FIGS. 3A through 3D are schematic, cross-sectional
views showing a fabricating method of a metal oxide
semiconductor according to one preferred embodiment of
the 1nvention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Reference will now be made i1n detail to the present
preferred embodiments of the invention, examples of which
are 1llustrated 1n the accompanying drawings. Wherever
possible, the same reference numbers are used 1n the draw-
ings and the description to refer to the same or like parts.

FIGS. 3A through 3D are schematic, cross-sectional
views showing a fabricating method of a metal oxide
semiconductor according to one preferred embodiment of
the 1nvention.
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In FIG. 3A, a patterned gate oxide layer 302 and a gate
conductive layer 304 are formed over a substrate 300 1n
order to form a gate 306 of a MOS transistor. The substrate
300 can be a p-type silicon substrate, an n-type silicon
substrate, a p-well, or an n-well, for example. Typically, an
oxide layer (not shown) having a preferred thickness of

about 40 A to 200 A 1s formed on the substrate 300. A
conductive layer (not shown) is formed on the oxide layer.
The conductive layer can be a polysilicon layer formed by
chemical vapor deposition, for example. The preferred
thickness of the conductive layer 1s about 1500 A to 2000 A,
for example. For example, conventional photolithographic
and etching processes are performed to pattern the conduc-
five layer and the oxide layer, which forms the gate oxide
layer 302 and the gate conductive layer 304 as shown 1n FIG.

JA.

A source/drain extension 310 is formed i the substrate
300 beside the gate 306. Typically, the gate 306 1s used as a
mask while an 1on implantation step 311 1s performed. Ion
impurities are implanted in the substrate 300 1n the 1on
implantation step 311. The source/drain extension 310 prei-
erably has a concentration of about 1x10' ions/cm” to
4x10" ions/cm’. When forming a NMOS, the impurities,
such as B ions, BF, ions, or other suitable n-type impurities,
arc 1mplanted to form a n-type, source/drain extension.
When forming a PMOS, the impurities, such as P 1ons, As
ions, or other suitable p-type impurities, are implanted to
form a p-type, source/drain extension.

As shown 1n FIG. 3B, the preferred embodiment of the
invention provides a heavily doped halo region 314 1n the
substrate 300 below the source/drain extension region 310.
The heavily doped halo region 314 1s used as anfi-
punchthrough layer. The heavily doped halo region 314 can
be formed by the following exemplary steps. Preferably, the
cgate 306 1s used as a mask when an 1on implantation step 315
1s performed to implant impurities 1n the substrate 300. The
impurities implanted in the 1on 1implantation step 315 prel-
crably are heavy 1ons with a low diffusion coelfficient,
although other suitable 1ons may be used. In this manner, the
diffusion of the impurities in the following thermal step can
be decreased and the concentration of the heavily doped halo
region 314 can be maintained. In contrast with the conven-
tional method, which uses light impurities with a high
diffusion coeflicient, the method of the 1nvention uses heavy
impurities with a low diffusion coetlicient. The concentra-
tion of the heavily doped halo region 314 thus can be
maintained. Hence, the punchthrough problem 1is resolved.
When forming a NMOS, indium (In) ions, whose diffusion
coefficient is 5 to 10 times lower than that of boron (B) 1ons,
are preferably implanted to the substrate 300, which form
the heavily doped halo region 314 with a concentration of
about 1x10"® ions/cm” to 4x10"® ions/cm”. When forming a
PMOS, antimony (Sb) ions are implanted in the substrate
300, which form the heavily doped halo region 314 with a
concentration of about 1x10"® ions/cm” to 4x10™ ions/cm”.

In FIG. 3C, a tilt-angled halo implantation step 317 1s
performed to implant impurities 1 the substrate 300. A
halo-implanted region 316 1s formed in the substrate 300 to
the side of the source/drain extension 310 below the gate
306. The halo-implanted region 316 1s formed 1n order to
decrease the occurrence of the short channel eifect.
Preferably, the gate 310 1s used as a mask when the tilt-
angled halo step 317 1s performed. The halo-implanted
region 316 preferably has a concentration of about 1x10"’
atims/cm” to 4x10"” ions/cm”. When forming an NMOS, the
impurities, such as B 1ons, BF,*1ons, or other suitable n-type
impurities, are implanted to form an n-type, halo-implanted

10

15

20

25

30

35

40

45

50

55

60

65

4

region. When forming a PMOS, the impurities, such as P
ions, As 1ons, or other suitable P-type impurities, are
implanted to form a P-type, halo-implanted region.

In FIG. 3D, a spacer 318 is formed on a sidewall of the
cgate 306. The material of the spacer 318 includes 1solation
materials, such as silicon oxide or silicon nitride, for
example. The spacer 318 can be formed by the following
exemplary steps. An isolation layer (not shown) is formed
over the substrate 300 by chemical vapor deposition. An
ctching back step i1s performed. The isolation layer is
removed to form the spacer 318 on the sidewall of the gate

316.

Typically, the gate 306 and the spacer 318 are used as
masks when an 1on implantation step 321 1s performed. A
source/drain region 320 1s formed 1n the substrate 300 beside
the spacer 318. The dose of impurities must be sufficient to
replenish the concentration of the heavily doped halo region
314 to form the source/drain region 320. The source/drain
region 320 includes the heavily doped halo region 314 and
a portion of the source/drain extension 310a. The source/
drain region 320 1s to the side of the source/drain extension
310a, which 1s below the spacer 318 in the substrate 300.
The source/drain region 320 preferably has a concentration
of about 1x10" ions/cm” to 1x10°° ions/cm”. When form-
ing a NMOS, the impurities, such as B ions, BF, ions, or
other suitable n-type impurities, are 1implanted 1n the 1on
implantation step 321 to form an n-type source/drain region.
When forming a PMOS, the impurities, such as P 1ons, As
ions, or other suitable p-type impurities, are 1mplanted the
ion 1mplantation step 321 to form a p-type source/drain
region. It 1s known that the source/drain extension 310 and
the source/drain region 320 are n-type 1n the NMOS. The
source/drain extension 310 and the source/drain region 320
are p-type in a PMOS.

The heavily doped halo region 314a connected to the
source/drain region 320 below the source/drain extension
310a 1s composed of impurities such as heavy impurities or
impurities with low diffusion coefficient. Thus, in the fol-
lowing thermal step, the diffusion of the heavily doped halo
region 314a 1s decreased. In contrast with the conventional
method, which uses light impurities with a high diffusion
coellicient, the method of the mmvention uses heavy impuri-
ties with a low diffusion coefficient. Therefore, the concen-
tration of the anti-punchthrough layer can be maintained and
the punchthrough problem of the device can be resolved.

In the preferred embodiment described above, first the
source/drain extension 310 1s formed in the substrate 300,
and then the heavily halo-implanted region 314 and the
halo-implanted region 316 are formed i1n sequence.
However, the step order of forming the source/drain exten-
sion region 310, the heavily halo-implanted region 314, and
the halo-implanted region 316 1s not limited to the order
described as the preferred embodiment. The step order can
be properly changed 1n order to meet the requirement of the
fabricating process.

In summary, the invention has the following advantages:

1. The invention forms a heavily doped halo region
connected to the source/drain region below the source/drain
extension region. The heavily doped halo region 1s formed
by impurities, such as heavy impurities with low diffusion
coelficient. Thus, the 10n diffusion of the heavily doped halo
region 1s decreased 1n the following step. The concentration
of the anti-punchthrough layer can be maintained and thus
the punchthrough problem of the device 1s resolved.

2. In the 1nvention, the concentration of the anti-
punchthrough region does not need to be increased. The
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occurrence of the body effect 1s reduced and the junction
capacitance 1s not overly increased. Thus, device perfor-
mance can be further increased.

It will be apparent to those skilled 1n the art that various
modifications and variations can be made to the structure of
the present mvention without departing from the scope or
spirit of the invention. In view of the foregoing, it 1s intended
that the present invention cover modifications and variations
of this invention provided they fall within the scope of the
following claims and their equivalents.

What 1s claimed 1s:

1. A method of fabricating a metal oxide semiconductor
(MOS), comprising the steps of:

forming a gate on a substrate;

forming a source/drain extension beside the gate in the
substrate;

forming a heavily doped halo region i1n the substrate
below the source/drain extension by an implantation of
heavy impurities with a low diffusion coefficient;

forming a spacer on a sidewall of the gate; and forming a

source/drain region 1n the substrate beside the spacer.

2. The method of claim 1, wherein concentration of the
source/drain extension is about 1x10" ions/cm” to 4x10"°
ions/cm”.

3. The method of claim 1, which further comprises
performing a first 1on 1implantation step to implant impurities
to form the source/drain extension.

4. The method of claim 3, wherein the source/drain
extension and the source/drain region are n-type and the
impurities comprise boron 10ns.

S. The method of claim 3, wherein the source/drain
extension and the source/drain region are n-type and the
impurities comprise BF, 1ons.

6. The method of claim 3, wherein the source/drain
extension and the source/drain region are p-type and the
impurities comprise phosphorus 1ons.

7. The method of claim 3, wherein the source/drain
extension and the source/drain region are p-type and the
Impurities COmprise arsenic 10ns.

8. The method of claim 1, wherein concentration of the
heavily doped halo region is about 1x10'® ions/cm’ to

4x10*® ions/cm”.
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9. The method of claim 1, wherein the source/drain
extension and the source/drain region are n-type and the
heavy impurities with a low diffusion coefficient comprise
indium 10mns.

10. The method of claim 1, wherein the source/drain
extension and the source/drain region are p-type and the
heavy impurities with a low diffusion coeflicient comprise
antimony 10ns.

11. The method of claim 1, further comprising performing
a tilt-angled halo implantation step to form a halo-implanted
region 1n the substrate to the side of the source/drain
extension below the gate.

12. The method of claim 11, wherein concentration of the
halo-implanted region has a concentration of about 1x10"’
ions/cm” to 4x10" ions/cm”.

13. The method of claim 1, which further comprises
performing a third 1on implantation step to form the source/
drain region.

14. The method of claim 1, wherein concentration of the
source/drain region is about 1x10'" ions/cm” to 1x10°°

ions/cm”.

15. A method of fabricating a metal oxide semiconductor
(MOS), comprising the steps of:

forming a gate on a substrate;

forming a source/drain extension beside the gate in the

substrate; and

performing an 1on implantation step to implant heavy

impurities with a low diffusion coefficient 1n order to
form a heavily doped halo region 1n the substrate below
the source/drain extension.

16. The method of claim 15, wherein the source/drain
extension 1s n-type and the heavy impurities with a low
diffusion coeflicient comprise indium 10ns.

17. The method claim 15, wherein concentration of the
heavily doped halo region is about 1x10™ ions/cm” to
4%x10'® ions/cm”.

18. The method of claim 15, wherein the source/drain
extension 1s p-type and the heavy impurities with a low
diffusion coeflicient comprise antimony 1ons.

19. The method of claim 15, further comprising forming
a halo-implanted region 1n the substrate to the side of the
source/drain extension below the gate.
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